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FEDERAL EXPRESS MAIL

Mr. Del Haschemeyer

Deputy Director

Illincis Environmental Protection Agency
2200 Churchill Road

Springfield, Illinois 62706

Yigu?

Re: Cyanide Contaminated Film Chips

Dear Myr. Haschemeyer:

We appreciate your interest in our solution to eliminate
the environmental hazards posed by the cyanide contaminated
film chips located in and around the Chicago area. Enclosed
is a description of our proposed solution.

Your field representative took samples at our demonstration
on February 15, 1984, which when tested, should substantiate
the validity of the process.

If it would serve your needs, representatives from Michigan
Techneological University would be willing to not only supply
additional information but also expert court testimony should
it be helpful.

Laygat

Please call me at your earliest convenience so that we
can answer any questions you may wish to have clarified.

Sincerely,

Aras G. Staniulis
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L. INTRODUCTION

MRC Enterprises, Inc. of Chicago (MRC), and Michigan
Technological University of Houghton, Michigan (MTU) are inter-
ested in providing a solution to the cyanide contaminated film
chip problem that is plaguing the State of Illinois. This doc-
ument includes background information about MRC and MTU. The
cyanide problem is discussed along with the proposed elements
of the solution. At the end of the discussion, a number of
concluding and other pertinent comments are presented. We be-
lieve our solution provides the optimal environmental protec-
tion of all options considered, and also augers some longer
werm economic benefit to the economy.

II. MRC AND MTU EXPERIENCE

MRC and MTU are uniquely qualified to solve the cyanide
contaminated film chip problem. MRC was organized four years
ago for the purpose of reclaiming difficult-to-recover plastic
materials, materials that require the creative application of
known technology for their recovery. Over these four years MRC
has grown into a million dollar company. It occupies a 40,000
square foot facility that has ample room to process the contam-
inated chips. (See Appendix A) Its key personnel are experi-
enced plastics recyclers, environmental and professional engi-
neers, and experienced businessmen. (See Appendix B) Briefly,
MRC has the managerial, technical, physical, and financial ca-
pabilities to solve the cyanide contaminated chip problem in an
economically and environmentally sound manner.

MTU owns patent rights to_a process for the recovery of
silver and terephthalic acid resources from exposed photograph-
ic film, This process is basic to this proposal. MTU's Bureau
of Industrial Development is staffed with University engineers
and scientists experienced both in basic research and in making
practical industrial applications of that research. 1Its per-
sonnel are experienced in working with private industry in the
solution of problems such as the elimination of the cyanide
contzminated film chips. (See Appendix C and D).

ZII. THE PROJECT
A, Elements of the Problem

Of immediate concern is approximately 12 million
pounds of cvanide contaminated film chips, although most as-
suredly there are other unknown sites harboring ever-~growing
stockpiles of contaminated chips. The subject material is ei-
ther loaded in trailers or remains in unconfined piles on



‘A".'

‘N\laul'

warehouse floors. These piles are composed of incombatible
plastics mixed together along with dirt, wood, stones, paper,
and other unknowns. From the standpoint of plastics reclama-
ion the greatest problem is presented by the presence of ace-
fate film in varying concentrations intermixed with the desir-
able polyethylene terephthalate film.

The location of the material is in areas not suitable
for processing. No matter how the material is processed and
disposed, first it must be moved to another site. Obviously,
~he processing site must be environmentally, economically, and

politically acceptable.

There are four possible processing and/or disposal
alternatives that can be considered for the problem at hand.
As for the first, landfilling, there is a movement away from
chemical waste landfilling due to the unknown long-term risks
and liabilities associated with it. Because no one can be cer-
tain of these risks, this alternative can be best compared with
reople expecting important quests at any moment and hastily
sweeping the accumulated dust and dirt under their living room
carpet, willing to wait until another day to sweep it out again
for ultimate disposal. Also, there are the political aspects
to consider when landfilling cyanide contaminated chips in
other states. States are normally not receptive to burying
problems of other states. Additionally, there is no recovery
of the valuable resources, if the material is buried. 1t re-
mains a potential liability without any benefits.

Chemical treatment is an alternative that affords
cnly a partial solution. Its objective is to reduce the tox-
icity of the cyanide contaminated chips to the allowable limits
for landfilling. Some believe the present cyanide concentra-
tions allowed for landfilling are too high and, therefore, not
environmentally safe. However, cyanide concentrations cannot
economically be reduced any lower using current industrial
methods. For this reason landfilling the treated film chips
does not offer any significant advantages.

Incineration is a viable alternative except for a
number of significant factors. Even so there remain several
unanswered environmental questions involving incineration,
including adequate assurance to the concerned public that no
airborne contamination occurs. Also incineration involves sig-
nificant toll charges. And again there is no recovery of valu~-

able resources,

The proposed MRC/MTU method is a patented chemical
destruction and resource recovery process that has been

-2~
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developed to recover silver and terephthalic acid from spent
photographic film without the use of cyanide. The process is
similar to the patented Wet Oxidation Process, which is a prov-
en wrethod of cyanide destruction. In this application not only
is cyanide destroyed, but one of the constituents of the film,
Lerephthalic acid, is recovered. The only discharge from the
process 1s a sewerable effluent with cyanide reduced to concen-
trations below 0.5 ppm.

The costs of treatment and disposal will not be inex-~
vensive. It will require the investment of private and/or gov-
arnment funds. Whatever the investment and whomever the
investing or funding source, the risks must be reduced as much
as possible in order to ensure the successful resolution, i.e.,
2limination, of the environmental hazards in the Chicago area
pDosed by the known storage sites of the contaminated film
chips.

B. Elements of the Solution

We perceive the evaluation of four elements as being
crucial to determining how to solve the cyanide contaminated
chip problem. First, the destruction and/or disposal alterna-
tive should render the material chemically inert in a proven
environmentally safe manner that is acceptable to the public.
lL.egally safe might not be good enough. The chemical destruc-
~ion of the cyanide combined with the recovery of terephthalic
acid appears to be the most viable alternative.

Second, the contaminated material must be contained
and secured in a safe manner. It must prevent public access to
rhe stored material and the leaching of material into the
ground water. Since the material is now located in areas nei-
ther compatible with processing nor disposal, it must then be
safely noved. To accomplish this we propose bagging the chips
in plastic preparatory to movement to the reclamation site.
This will provide immediate containment of the material until
ready for processing. Loaded in trailers the bags can then
bhe safely moved to the production site at 1716 W. Webster
Street in Chicago, where there exists the necessary building
facilities with the required zoning. The bags will minimize
human contact with the material, since the bags themselves will
be processed along with the material.

Moreover, the presence of acetate film in varying
concentrations in the cyanide contaminated material presents
-he main technical problem in our reclamation process. The
process must be adjusted for the particular concentration of

-3-
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acetate. Therefore, the material first must be statistically
sampled to determine the acetate concentration. Also, the
higher the concentration of acetate, the lower the production
of terephthalic acid. With this variance the cost of reclama-
tion will then increase proportionately.

The factors involving acetate also support the desir-
ability of bagging the material. Bagging provides the means
for properly mixing the chips during processing, to assure the
uniformity of the acetate throughout the material and to yield
the best quality terephthalic acid.

Third, there must be a timely solution. Subject to
the capacity of the reclamation processing system, it must be
anderstood that our processing will take about two years to
ccmplete. Construction of a 1,000,000 pound per month plant
will allow reclamation to begin relatively quickly -- in about
ten months.

Bagging will alleviate any concern over the time in-
volved to complete our processing. We realize our process may
require greater initial time then, say, landfilling. However,
once completed, there is no lingering decades of concern over
2nvironmental effects, as there would be with landfilling, e.qg.
concern over leaching to the groundwater.

The fourth element of the solution involves the costs
and risks associated with the processing of the cyanide contam-
inated material. We know the costs of our process, but we
cannot quote an actual figure until the project is precisely
defined. The costs will vary according to such factors as the
scope of the project, the schedule of payments, the actual
weight of contaminated chips needing processing, the concentra-
tion of acetate in the contaminated material, and the system
redundancy required by the State of Illinois EPA for safety and
other regulated aspects. Project financing can be arranged
after a contract is signed with the State of Illinois, speci-
Fying the amounts and sequence of payments.

IV. CONCLUDING COMMENTS

MRC and MTU are interested in providing the solution
to the cyanide contaminated film chip problem. We are already
in the plastics reclamation business and we have already
invested considerable funds to solve this problem. At the com-
nwletion of the project, we will have taken in some 12 million
pounds of waste deemed hazardous, chemically destroyed the cya-
nide and recovered terephtalic acid from the film chips.

-4~
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This unique enterprise, involving private industry
and a university, gives both a practical and scientific dimen-
sion to this solution. MRC handles millions of pounds of
plastic scrap every year and MTU's patented Wet Oxidation pro-
cess is currently in operation processing hazardous wastes in a
larce industrial installation.

The long run benefit of the patented process is that
it replaces the need to use cynanide in the reclaiming of sil-
ver from photographic films. Using this Wet Oxidation process
will eliminate the cyanide problem from recurring in the fu-
ture. Thus, in accepting our solution, not only will an envi-
ronmantal problem be permanently solved, but a new Illinois
based industry will be created.
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APPENDIX B

MRC KEY PERSONNEL
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MANAGEMENT OF MRC ENTERPRISES, INC.

The senior management of MRC Enterprises, Inc., consists of:

Name
Aras G. Staniulis Vice President
Daniel L. Eberhardt President
John A. Wertymer Secretary/Treasurer

The following is a summary of the background of each of the
persons named above:

1. Aras G. Staniulis

George Staniulis has worked in the plastics reclamation busi-
ness for fourteen years. He began his career with Thermold En-
¢gineering, Inc., a subsidiary of Thorne United. This company
was an integrated manufacturer of plastic tooling and molds,
plastic vacuum forming and fabrication, and a manufacturer of
vacuum forming equipment. There he acquired valuable on-line
experience as a purchasing agent, production scheduler, and
cost analyst.

Later Mr. Staniulis joined Eagle International Corporation, a
thermo-plastic scrap reclaimer. As an Eagle Vice President for
six vears, Mr. Staniulis was totally responsible for opening
their Los Angeles facility. There he operated a successful
profit center and his responsibilities included developing new
business, production, and marketing of plastic scrap throughout
the United States and to other countries such as Spain and
Taiwan.

During the past four years Mr. Staniulis has directed MRC En-
terprises, Inc., 1in the areas of research and new product de-

velopment.

In 1968 Mr. Staniulis graduated from Wayne State University,
Detroit, Michigan, with a BS degree in marketing.

2. Daniel L. Eberhardt

Dan Eberhardt is an experienced manager, becoming the City Man-
ager of the Borough of Greentree, Pennsylvania, at the age of

~1-
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24, immediately after graduating from the University~of
Pittsburg with a MBA degree. Mr. Eberhardt also holds a BS de-
gree from Northwestern University in Environmental Engineering.

After a successful tenure in the public spotlight, Mr.
Zberhardt returned to Chicago, where he worked for Thomas L.
Jacobs & Associates, as a management consultant. Here he
gained valuable experience analyzing the operations of several
public "businesses"™, including the huge, multi-million dollar
City of Chicago motor vehicle repair organization.

Four years ago Mr. Eberhardt founded Campus Painters, Ltd. The
company now employs approximately 50 painters and carpenters
and grosses close to $1 million last year, making it by far the
largest house-painting company on Chicago's affluent North

Shore.

For the past two years Mr. Eberhardt has performed as President
and General Manager of MRC Enterprises, Inc.

3. John A. Wertymer

John Wertymer has had major responsibilities in the start-up of
numerous businesses in the years since he graduated with an MBA
from the University of Chicago in 1969.

In his first job, Mr. Wertymer served as Assistant to the Chief
Operating Officer of New Community Enterprises, the development
of the Village of Park Forest South, Illinois. The company
grew in four years from four to two hundred employees. During
that time Mr. Wertymer's duties included line responsibilities
such as Director of Engineering, Superintendent of Land Devel-
opment, and Vice-President of the Park Forest South Utilities
company. As Director of Engineering (Mr. Wertymer is a li-
censed Professional Engineer in the State of Illinois and a
graduate of Civil Engineering from the University of
Wisconsin), and as Superintendent of Land Development, he ad-
ministered the planning, designing, and construction of mil-
lions of dollars of land improvements. As Vice President of
the Utilities Company (he was a licensed Wastewater Treatment
Plant Operator in the State of Illinois), he was responsible
for a multi-million dollar expansion program of the wastewater
treatment plant and the water supply system, including pumping
Stations and water storage reservoirs. 1In conjunction with the
environmental studies faculty at Governors State University he
applied for and received Federal approval for a 4.0 million
dollar wastewater recycling system. He handled presentations
to the Illinois EPA, U.S. EPA, NIPC, and the ICC.

-2-
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[57) ABSTRACT

The process for the recovery of silver and terephthalic
acid component from scrap film of a light s¢nsitive
silver compound on a Mylar substrate in which the
film is subjected 1o at least a partial wet oxidation in
an aqueous alkaline medium at elevated temperature
and pressure whereby the Mylar substrate is de-
polymerized into components which remain soluble
in the hquid reactant while the silver component
remains insoluble therein to crable separation of the
silver component and the subsequent recovery of
terephthalic acid component hv acidification of the
liquid phase.

16 Claims, 1 Drawing Figure
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1
RECOVERY OF Sll,\“ AND TEREPHTHALIC
ACID COMPONENTS FROM LIGHT SENSITIVE
FILM MATERIAL

This invention relates to the disposal of photo-
graphic or X-ray film and purticularly to the di<posal
of exposed and unexposed photographic or X-ray
film of the type formed of a silver halide emubsion
coating on a base formed of Mylar methyl tereph-
thalic —ethylene glycol polyester). and still more par-
ticularly to the disposal of such material in a manner
which enables substantially complete recovery of
silver from the emulsion coating and the terephthalic
acid component from the film base. and in which
such disposal and recovery can be carried out in a
pollution-free manner.

In our copending application filed concurrently
herewith. and titled " The Process for the Destruction
of Developed and Undeveloped Photosensitive Film
and the Recovery of Products Therefrom™. Seral
No. 465.801, filed May 1, 1974, description is made
of a process for the destruction of developed or
undeveloped photosensitive film of siiver halide
emulsion on various organic substrates. by wet oxi-
dation at elevated temperature and pressure. in
aqueous medium containing a silver complexing com-
ponent. such as an amine or ammonia. whereby the
silver released from the coating on the substraie is
converted to a soluble silver complex while the
organic substrate material is consumed during the
wet oxidation process or partially oxidized to usable
organic components which can be recovered from
the effluent of the wet oxidation reaction. The silver
is separated from the solution by conversion of the
sifver from the soluble complex to an insoluble salit,
such as by the addition of sulphuric acid to convert
the silver complex to a separable insoluble silver
sulphate: or by electrowinning the silver from the
solution in which an acid, such as nitric acid. is added
to enable plating out of the silver from the solution:
or by reduction with hydrogen or other reducing agent
to convert the silver from the soluble complex to
metal solids which can be recovered by conventional
solid-liquid separation techniques.

In the process described in the copending applica-
tion, the formation of undesirable silver azides is
possible and processing to maximize the recovery of
silver requires treatment of the liquid phase. after
silver separation, since some of the silver still re-
mains in solution.

1t is an object of this invention to provide a method
for the processing of scrap light sensitive film, in-
cluding exposed or unexposed light sensitive ma-

terial, in which the recovery of silver is maximized,

in which such recovery can be made in a simple and
efficient manner with the expenditure of a minimum
amount of time. matenals. equipment and labor. in
which when the film base is formed of Mylar or other
terephthalate polyester, the terephthalic acid com-
ponent can be recovered in good and economical
yields, and wherein such recovery processes can be
carried out without polluting the environment and
with the ehmunation of scrap film as a potental
pollutant.

in accordance with the practice of this invention.
the Mylar based film. with the exposed or unexposed
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silver emulsidCoating. is segmented as by cutting.
chopping. beating. or other meuans of subdivision
into relatively small particles which are then subjected
to wet oxidation and préferably partial wet oxidation
in an aqueous alkaline medium, with constant agita-
non, and at elevated tzmperuture and pressure. for a
time sufficient to cffect cleavage of the polyester for
separation of the terephthalic ucid component. The
breahdown of the polymer and the cleavage between
the terephthalic acid component and the glvcol of
which the Mylar is formed is believed to result from
a combination of hydrolysis and oxidation under the
operating conditions existing within the reactor.

While wet oxidation beyond the minimum to
achieve depolymerization and cleavage can be em-
ployed without jeopardizing the recovery of silver.
it is desirable to minimize the amount of excessive
oxidation if recovery of the terephthalic acid com-
position is an objective, since addittonal wet oxida-
tion will result in additional combustion of the dis-
solved organic phase, with corresponding reduction
in chemical oxygen demand (COD) of the solution
and corresponding loss of terephthalic acid component.

Under the operating conditions described for com-
plete and preferably partial oxidation of the organic
film substrate. the undeveloped siiver halide or the
reduced silver in the exposed portion of the emulsion
coating remains inscluble while the orgunic film base
is reduced to a soluble state thereby to enable simple
and efficient separation of the silver phase by conven-
tional solid-liquid ~eparation meuns, such as by
filtration. centrifugal separation. decantation. ard
the like. The terephthalic acid compenent. dissolved
in the liquid phase, after separation of the silver com-
ponent. can be recovered by acidification of the
alkaline solution whereupon the terephthalic acid
component precipitates since it has very low solu-
bility in aqueous acid medium (less than 0.02 grams
per liter at 25°C).

Light sensitive silver halide coatings on film Mylar
substrates represent a large segment of the market.
X-ray film, often referred to in the trade as “medical
green" is a major factor in the total film market and
is almost entirely formed with a Mylar substrate.
The photographic film market and the movie tilm
market is increasingly making use of Myiar as the
film substrate. Since terephthalic acid represents a
valuable ingredient, currently in short supply. con-
siderable interest is expressed in the recovery of
terephthalic acid either as & principal product. or as
a by-product, from the destruction of exposed or
unexposed film and the recovery of silver therefrom,

The process of this invention will hereinatter be
described by reference to the following examples {
to 15. and the accompanying flow diagram. The
examples are given by way of illustration and not by
way of limitation of the invention.

The following is an iderntification of the various
film materials that were processed in the examples:

Film Silver con-
Code  General Description tent, % w Other

MG Medical 3.6 6 S moisture
Green X-ray Film, un- 86.2 volatiles
eyposed 7 3 residue

BLC  Industrial lithographic film. 1.1 clean -
non-Mylar base. exposed 2.7 (dark) -



3953502

3
e D Np——

Fum Silver con-
Code  Giene o Desciplion lent. i w Other

fiIER ape o .x:\i Hlm evposed i - -

M Biack ndustr ol X-rav film, - -
ovprosed

'\ Tear meaical. non Mtar - -
has ooevposed

P Mintare o iy from Naval - -

Or:nance comonstration
tesis i Coaunp Pendlcton
cxposed

EXAMPLES 1-15

The run, of Examples 1-15 were each carried out
in an autoclave reactor having a capacity of one gallon
and with “he cylinder, baffle and stirrer formed of
titanium.

In cach exumple. the reactor was charged with
1470 ml of distilled water and the calculated amount
of 1ilm and base material. and the stirrer was operated
at 1000 r.p.m.

The autnclave was then ciosed and the specified
amount of oxvgen was added as pure oxygen. The

mperatu-e witkin the reactor was raised to a speci-
Wyitd reaction temnerature and the reaction was con-
tinued for a umsz. all as hereinafter set forth in the
accompanying taulation.

At the conclusion of the run. the reaction mixture
was cooled rapialy by external water quench and the
reactor wus then opened. The evlinder was examined
and the reaction product analvzed for the materials
contained therein.

The efflaent from the reactor was filtered to remove
the insolunies which included the recoverable silver
and silver nalide components.

The flt-ate was then acidified with nitric acid 1o

precipitate the erephthalic acid component which
was filiered oft and then punfied to remove entrained
sihver by resispension in ethyt alcohol and filiering.
Entrained siher reminns with the filtrate while the
nunified terephthahic acid component separates as a
&O“d.
& , Before each rur. the reactor was thoroughly cleaned
‘“(\'ilh a mitic acid ninse. followed by cleaning with a
wourmg powder. In Example 3, the reactor was
further purged »y pressunzing and depressurizing
with nitrogen gas 10 eliminate any oxyvgen that might
have been present.
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In the examples. variations wmade in the mean
reaction temperature. reaction time. base material
and 1ilm stock. as et forth in the following tabulition.
o determine the effect of these variubles on'the re-
covery of silver. terephthalic acid component, and
combustion of orgamc maternial. Examples 6 and 10
were atypical on account of low pH and other vana-
bles but were included for purposes of comparison.

Al of the analyses recorded in the following tabu-
lation were carried out in accordance with the pro-
cedures detajled in the EPA manual 1itled ““Methods
for Chemical Analysis of Water and Wastes —19717.

The reaction mixture was measured for pH. chemi-
cal oxyegen demand (CQOD). and for silver by atomic
absorption. Cvlinder liquid was tested for filterable
solids on a No. | medium grade Whatman filier paper
and terephthalic acid component (TPA). The latter
involved acidification of the filtered liquid with nitric
acid and subsequent gravimetric determination of
the the precipitate of terephthalic acid component
removed on the filter. The percentage recovered
TPA was based on the assumption that all of the
non-motsture, volatile residues in the film were pure
Myvlar polyester. The ultimate or stoichiometric TPA
content was calculated in accordance with the follow-
ing equation:

grms volatiles 1 grm polymer

30.0 grams film x 0.8625

grm fitm 1 grm volatiles

166 grms TPA
—————————— = 2237 grms. TPA
192 grms polymer

The recovered terephthalic acid comporent was
characterized by IR analysis. Two important evalua-
tions were the COD and silver content in the final
liquid effluent. As a basis for comparison. the theo-
retical total COD of effluent. using medical green
film, is about 34,500 mg/! 0. The theoretical silver
level in the final effluent would run between 900 and
1200 ppm if 101ally dissolved. For the purpose of this
evaluation. no quantitative material balance was
attempied on silver bevond showing its absence in
the filtered liquid effluent. As the results discussad
hereinafier indicate. the <ilver contents of the filtered
effluents from all the iests were very low compared
10 the theoretical potential level of 1000 ppm. This
1s believed to estabhich that the silver was separated

50 {rom the water soluble TPA salt.

TABLE 1
Summary of Process and Anahvuca! Data fiom Film Hydroly sin Study
[ _ —r —
Principal Vananles Analytici] Results
Tewt —:\Imv~ S R.n Amt CIPA Y Sibver3r SIS € of _Sil\-c_r n
No Jerip O level [ime. Base Base (1) Fum - Recov- in kilt in tq COD 5y COD 61 ir Divest
} " me nun Stoch ,env. e Liy ppm ppm mg/l 0 Due 1o FE. ppm
) TPA
i | i 464 W60 LA ~N.OH NS Moed Gr @ R34 (LK) 16 21933 R4.1 -
: 04 000 | s0 NaOH 176 Med Gr,o vSw (L] 1382 28450 7} 4 1200
1 RN W ATA oy NuaOH 176 Med (u.'t 9y | M 876 31962 67.8 RA
5 by [l 122 NaOH 176 NMed. G 936 31 RA¥ ] APRN 12} 68.R -
N s B [IRE N NaQOH 17k AMed Gr - 678 04 i:l_H 29.271 fi4 -
t e 32360 s NGOH 176 NMed Gr - 13 4671 2;360 - -
- RIS 260 1 NaOH 176 Med. Groi 122 4" 2276 15881 17.0 -
. R3]
N T 32360 12 NaOH R Med Gr. 0uy w1 4317 IR.27S8 N | -
' )
“ R 1 aTe HRES NaOH 76 Nied Gr | 327 vl NN Isaw 419 -
10 Ine 878 ER NaOH i76 Med. Gr 897 26 Tl W ISR 6h ] 180
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lable I-continued

Summary of Process and Anahvbcal Data from Film Hydsol, us Study

Principal Viunables

Anahyneal Results

Tewt Mean Ran Amt HTPA(2) Sitver(3) SS. (4 . ."7; of Stlver (%2}
No. Temp. ©O_1level Time Buse Base () Fum .‘ Recov- in Filt. nlag COD 5y COD16) n Digest
°F me min Stoich . | ery. % Liq. ppm ppm mg!1 0 [?I‘UFSAI.O FE. ppm
]
B 399 29,680 129 KOH i76 Med Gr.|j 814 S0 1084 28.106 62.8 -
12 390 31,020 145 Na.CO, 176 Med Gr 94.2 0.3 573 18.697 71.9 -
13 9y 31918 125 NuaOH 176 Bl C - 1.2 1452 20.985 - 390
14 196 32.360 130 NaOH 176 Mixed 72 1.7 1020 21.480 36.1 -
(110 K (6)
nn
(§ed]
5 439 30.575 134 NaOH 176 ITEK W= 0.1 256 10.162 - -

(h Percentage of steichiometnie base required 1o torim the sod:um sait of terephthalic acid (TPA)
{2y Based 00 theorenicat TPA conteal assuming non-moniine. solatiles are (U0« Mylar,

t3) Suver dissolved in hiqeid at end of reaction

4) Suspended sohids m cyhinder hguid which ace removed by saimple filtration-normahzed to account for pot volume.

< COD —normalized 1o account tor poi volume ard COD content.
161 Percentage of COD due to recovered TPA

(7Y Sibve: in fina; effiucnt afier sobids were digested with acid

18 Also recovered unhydroly zed 35im (3267 of charzed

9 [mpure TPA unkyvdrels zed &ien remanncd

10 M ure of T 8 wrams of each of the 1etiov:ne Black industniat. Camp Pendleton. tear medical and ITEK.
tH1 Based on assuniption that the Myrar rased iims — Bi and CP - have similar Mylar content to that of med. green

(123 Celfulo~e firers 1emaned.

The role of oxygzen in the wet oxidation process
is indicated by comparison of Examples 2. 4 and 5.
wherein the oxygen level was varied from 31.020 mg
in Example 2. to 660 in Example 4. and the complete
absence of oxvgen in Example S. It will be seen that
silver recovery. as indicated by the absence of silver
in the filtrate. way equally low (0.4 ppm in the fil-
trate) with and without oxygen. indicating that the

separation of sitver from the film base was not oxygen 3

dependent. On the other hand. the amount of tereph-
thalic acid component recovered was considerably
less in the absence of oxygen. indicating that at least
partial oxidation in the alkaline wet oxidation process
is bencficial to the cleavage of the polyester into its
components.

The amount of oxvgen introduced is therefore not
significant by comparison of Examples 2 and 4 from
the standpoint of the TPA recovery. but it is desirable
10 have oxygen present to provide for at least partial
oxidation of the orzanics present in the system.

The oxygen can be added as pure oxygen. in the
desired zmount in a batch operation. but from a prac-
tical standpoint and tor commercial practice wherein
the recovery process can be carried out on a con-
tinuous or semi-continuous basis. it is desirable con-
tinuously to introduce the oxygen into the reaction
medium, in the form of an oxyzen containing gas
such as pure oxvgen. and preferably in the form of air.

For thi. purpose. use can be made of a wat cxida-
tion reactor. such as described in our copending appli-
cations Ser. No. 400.123 filed September 24. 1973,
now U.S. Patent No. 3.870.631.and Ser. No. 403.652
filed October 4. 1973 now U.S. Patent No. 3.852.192.

By comparison of Examples 1. 2 and 3. it will be
seen that the amount of combustion of organics in
the reaction mixture is proportional to the reaction
temperature. with but little actual reduction in COD
occurring dl a resction temperature of 353°F (Ex-
ample 3) or below. and with increasing reduction of
COD at higher reaction temperatures such as the
400°F of Fxample 2 and 464°F of Example 1. Never-
theless, the amount of silver remaining in the reaction
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mixture after filiration is seen to be somewhat inde-
pendent of the amount of oxidation under the condi-
tions described.

Relatively low susceptibility of TPA to wet oxida-
tion. by comparison with other organics in the liquor.
is indicated by the lesser reduction in COD due to
TPA by comparison with the entire svstem. This
indicates that the terephthalic acid factor remains
substantially high under the reaction conditions
described to make ii interesting 1o provide for com-
mercial recovery of the TPA as well as the silver
from scrap film. _

From a comparison of Examples |, 2, 3 and 7. it
will be seen that recovery of TFA is at a maximum
at a reaction temperature of about 330°F with httle,
if any. decrease in recoverable TPA up to 400°F.
Thus it is desirable to make use of a reaction tempera-
ture of at least 350°F with the upper temperature
limits being dictated more by eccnomics and safety
factors. since the autogencus pressurcs maintained
within the reactor are temperature dependent. In the
preferred practice of the invention. use is made of a
reaction temperature within the range of 325°~425°F
and preferably within the runge of 350°-375°F. at
corresponding autogenous pressure for a closed
system. ,

Example 10 indicates that reaction time of 30
minutes is sufficient at reaction temperatures of 400°F
and at a pH of 12.8 to 13.2. Longer reaction times are
desirable at lower reaction temperatures. such as 60
minutes at 350°F, but within the preferred tempera-
ture range of 350°-375°F, a4 minimum of 10 minutes
and a maximum of 180 minutes is employved. with
the preferred reaction time being within the range
of 30 to 60 minutes.

The amount of base in the reaction mixture, sub-

jected to wet oxidition. beurs considerable influence

on the amount of TPA that is muade recoverable by
the process of this invention. This can best be ex-
pressed by the theoretical amount of base required
1o react with the TPA to neutralize the acid and
from the corresponding metal salt thereof. The values
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given 1n the table are calculated on the stoichiometric
amount as 100%. Thus the vatue of 38% in Example
¥. and 76% in Example 9. indicates an amount
cerresponding to about 3 and 2A. respectively, of the
stoichiome nic amount of base whereas the value of
176% indicates ar excess of 76% over the stoichio-
metric amoJnt, It will be apparent from a comparison
of Examples 8 and 9 with Examples 1, 2 and 3. for
instance. that with an amount of base less than
stoichiomerric, the recovery of TPA falls off con-
siderably to practically zero recovery at 38% of the
stoichiomeiric amount. The recovery of TPA drops
orly gradially above 200% of the stoichiometric
but it is undesiratle to make use of an amount of base
in excess ¢f 9009 of the stoichiometric amount.

The amount of base can also be expressed from
th2 stundpoint of pH of the reaction mixture. For
instance. at a pH of less than 9. the recovery of TPA
is quite low. Best resulis are secured at a pH within
the range o7 1C tc 14 and preferably within the range
of 1210 13.5.

As the base. it is preferred to make use of a strong
“1se such as an alkali metal hydroxide or carbonate.
Ty indicated by Examples 2, 11 and 12, it is preferred
to make use of sodium hydroxide or sodium carbonate
by comparison with potassium hydroxide, when
measured 1rom the standpoint of the silver which
remains dissolved in the liquid filtrate after separation
of the «itver solids from the product of the wet oxida-
tcn reaction. 5 ppm silver remains in the filtrate
formed with a bave of potassium hydroxide. Example
1'l. whereas onlv 0.4 ppm and 0.3 ppm remains for
sadium hydrovxide. Example 2, or sodium carbonate,
Example 12. Apparently the siiver is more scluble
In a potassium h:-lroxide solution thai in a solution
of sodium aydroxide or carbonate at equivalent pH.

Examples 3. 14 and 15 were runs made on film
other than madiczl green. As indicated heretofore,
Itek film ts not formed with a Mylar substrate so that
no TP A was recovered. Nevertheless, the recovery
of silver was very high as indicated by less than |

“m of silver in the filtrate remaining after silver
geoaration.

In Examole 14, the film treated was made up of a
mixture of Iteh. Black Industrial X-ray film (BI).
Tear Medical 1ilm (I'M) and a mixture from Naval
Ordnance (CP). Al of the non-paper based films were
hydrolvzed and the contained silver was precipitated.
However. nfibrous residues from the paper based
IteX film were left behind. In Example 15. the ltek
film was reacted a1 higher temperature (430°F) which
brought aboaut wet oxidation of the paper and thus
eliminated solid organic residues. As with medical
green. only trace silver was present in the effluent
filtrated from these exampies.

it will be apparent from the foregoing that we have
provided a process for separution and recovery of
silver and tzrephthalic acid from Mylar based photo-
graphic film. The film can be readily solubilized in
aqueous alkaline solutions at temperatures above
300°F ever in the absence of oxygen. If no oxygen
is present, apparently about 33% of the TPA from
the Mylar is tied up as acid «oluble species since
on'y about 67% of the TPA 15 recovered upon acidi-
fication. In the presence of relatively smali amounts
of oxygen. 2ssentially all of the TPA in the film is
solubilized as free sodium terephthalate. The silver
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8 A4
which remains insoluble is easily removed from the
solubilized TPA in the product of the wet oxidation
reaction. ST

If both TPA and silver are desired as products, the
use of relatively low temperature with a small amount
of oxygen represents the preferred practice. Under
these conditions. TPA recovery is maximized while
capital costs for equipment is maintained at a mini-
mum. For special film types and for minimum COD
discharge from the system. the process can be carried
out at higher oxygen and temperature levels.

It will be understood that changes may be made in
the details of formulation and operation without
departing from the spirit of the invention, especially
as defined in the following claims.

We claim:

1. A process for the treatment of a polyester formed
of terephthalic acid for the recovery o terephthalic
acid and silver when present therewith as a light sensi-
tive compound comprising subjecting the polyester
1o at least partial wet oxidation at elevated pressure
and a temperature ot at least 325°F in an aqueous
alkaline medium having a pH of at least 9 and into
which an oxygen containing gas is introduced in
an amount to provide at least partial oxidation of the
organics present whereby any silver component
present remains in the solid phase and the tercphthalic
acid component is contained in the liquid phase in a
dissolved state, separating any solid phase from the
liquid phase, acidifying the liquid phase to precipitate
the terephthalic acid component. and then separating
the terephthalic actd component from the remainder.

2. The process as claimed in claim 1 in which the
wet oxidation reaction is carried out at a temperature
within the range of 325°-425°F.

3. The process as claimed in claim 1 in which the
wet oxidation reaction is carried out at a temperature
within the range of 350°-375°F.

4. The process as claimed in claim 1 in which at
least partial wet oxidation reaction is carried out for
a time of at least 10 minutes.

S. The process as claimed in claim 1 in which at
least partial wet oxidation reaction is carried out for
a time within the range of 10 to 180 minutes.

6. The process as claimed in claim 1 in which at
least partial wet oxidation reaction is carried out for
a time within the range of 30 to 60 minutes.

7. The process as claimed in claim 1 in which the
aqueous alkaline solution has a pH above 9.

8. The process as claimed in claim 1 in which the
aqueous alkaline solution has a pH within the range
of 12 to 13.5.

9. The process as claimed in claim 1 in which the
agueous alkaline solution is formed with a highly
basic material present in an amount of at least 100%
of the stoichiometric amount required to form the
alkali metal salt of the terephthalic acid component.

10. The process as claimed in claim 1 in which the
aqueous alkaline solution is formed with a highly
basic material present in an amount within the range
of 100% to 200% of the stoichiometric amount re-
quired to form the alkali metal salt of the terephthalic
acid component.

11. The process as claimed in claim 9, in which the
highly basic material is an alkali metal hydroxide or
carbonate.

12. The process as claimed in claim 11 in which the
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basic matenial is selected from the group consisting
of sodium carbonate und sodium hydroxide.

13. The process as claimed in claim 1 in which the
liquid phase after separation of anv insoluble silver
component is acidified with nitric acid to precipitate
the terephthalic acid component.

14. The process as claimed in claim 1 which in-
cludes the step of recovering the silver when present

from the solid phase separated from the wet oxidation g

reaction product.

15. The process as claimed in claim 1 which in-
cludes the step of purifying the separated terephthalic
acid compenent by treating the separated tercphthalic

acid component with an alcohol to dissolve out any 15
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silver retained with the terephthalic acid component.

16. A process for the treatment of scrap polvester
formed of terephthalic “acid for the recovery of
tercphthalic acid, compnsing subjecting the polyvester
to at least partial wet oxidation in an aqueous alkaline
medium at elevated pressure and at a temperature of
at least 325°C and at a pH of at least 9 whereby the
terephthalic acid component is contained in the
dissolved state in the liquid phase. separating any
solids from the liquid phase, acidifying the lquid
phase to precipitate the terephthalic acid component,
and then separating the terephthalic acid component
from the remainder.

* X ¥ 4 x
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[57) ABSTRACT

The destruction of developed or undeveloped photo-
graphic film in a manner which permits also the recov-
ery of silver and organic components from the film
material in which the film is subjected to wet oxida-
tion at high temperature and high pressure in the pres-
ence of a wet oxidation catalyst and a silver complex-
ing compound, and then subjecting the liquor from the
wet oxidation step to processing to separate the solu-
bilized silver which is freed from the film and to sepa-
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PROCESS FOR THE DESTRUCTION OF
DEVELOPED AND UNDEVELOPED
PHOTOSENSITIVE FILM AND THE RECOVERY
OF PRODUCTS THEREFROM

This invention relates 1o the recovery of silver and
orgmc by-products from developed or undeveloped
light-sensitive emulsion on film, paper or the like base
material.

An exlensive use is made of photographic film for
surveillance, non-destructive testing. medical radiogra-
phy. data storage, and the like, in addition to the mass
utihization of photographic film in camcras, the movic
industry, and hcme movies, wherein the silver emulsion
1s usually provided on a transparent or translucent film
substrate formed of Mylar. triacetate and the like. Simi-
larly, tn such copy processes as the diffusion transfer
process, for single copy work and master preparation,
or in the photocopy of the Polaroid type, considerable
use is made of silver halide emulsions on substrates,
usually in the form of high wet strength paper or plastic
film of the type herctofore described.

A considerable amount of the matcrial ends up as
waste and represents a large rescrve of silver which,
beczuse of its high intrinsic value and projected shon
supply, should be recovered.

‘various lechniques have been proposed for the re-
covery of silver from waste of the type described. In
one process, the film is chopped and shredded to liber-
ate the emulsion from the fiim base. The finely divided
maerial is slurried with water to cffect flotation of the
film base while the heavier silver cmulsion settles to the
bottorn of the flatation tank. The settled underflow is
subjected to centrifugal separation to concentrate the
silver salts, which cun then be smelted to form ingots or
bars of impure silver capable of being refined by the
Thum process. Recovery by the described process is
expensive and often incomplete.

In another process, the photographic fiim 1s inciner-
ated and pyrolyzed as by the use of molten salts
wherein reduced silver uccumulates as droplets and
settles to the bottom of the molten salt bath. In this
process, a cons:derable amount of the silver is lost by
voluilization and by incomplete reduction, while the
organic film base is lost by combustion with the release
of undestrable gases which pollute the atmosphere..

Many autempts have been made, in recent yecars, to
salvage the film base for re-use. These approaches have
not found commecrcial success since the cost of recov-
erv is relatively high and the market for such salvaged
base material is 'mited. However, where classified data
are :nvolved, it is necessary to provide for complete
destruction of the film base, in order to prevent re-
trieval of classified information, from the image or the
latent image often present as an integral pan of the film
base.

It is #n object of this invention to provide a procedure
for processing developed andfor undeveloped silver
emulsion coated organic substrates for the recovery of
silver and orgaric by-products, in which the process is
characterized by:

1. complete recovery of substantially all of the silver.

2. treatment of bulk material without manual or me-
chanical pre-processing to minimize cost;

3 yicld of a refined or casily refined silver; ‘4. rapid
processing to minimize silver inventory;

5 minimum ¢nvironmental impact;
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6 r1ccovery of marketable by-products from the or.
ganic film substrate; and ..

7. decomposition of the substrate material and emui-
sion to preclude retricval of images or latent images
retained thereon.

These nnd other objects and adventages of this inven.
tion will hercunafter appear and for purposes of illus.
tration, but not of limitation, a flow diagram is submii.
ted herewith as representative of 2 process embodying
the features of this invention.

Briefly described, in accordance with the practice of
this invention, silver emulsion coating, developed and-
for undeveloped, and the organic film base, such as
triacetate, Mylar (terephthalate acid esters) etc., arc
placed in an autoclave together with sufficient amount
of silver complexing agent, such as ammonium, hydrox-
ide. to form a complex compound with the silver that is
present, such as to form a silver amine complex when
use is made of ammonia.

Sufficient excess of the ammonium hydroxide is pro-
vided to insure that the organic depolymenrization prod-
ucts of the film base are formed as their corresponding
soluble amine, amide, or the like soluble nitrogen con-
taining organic compounds resulting from the reaction -
between the film material of the film base and the am.
monium hydroxide.

The mixture of silver emulsion coated film base,
water and complexing agent is subjected to wet oxida-
tion at a temperature above about 400°F but less than
SO0°F, and at clevated pressure such as within the
range of 500 to 1000 p.s.ig and preferably 650 to
1,000 p.s.i.g.. in the presence of oxygen containing gas,
such as oxygen or air, The oxygen in the form of oxy-
gen. air or other oxygen containing gas is incorporated
in a ratio within the range of 0.2 1o | of the theoretical
chemical oxygen demand (COD) of the organic mate-
rial that is present. The mixture of film. water and
complexing agent is agitated sufficiently to insure that
the rate of oxygen dissolution in the liquid phase is not
rate-limiting to the wet oxidation of the materials which
are suspended or dispersed in the aqueous liquor. In the
preferred practice of this invention, when use is made
of ammonium hydroxide as the complexing agent, the
wet oxidation reaction is carried out at a temperuture
preferably within the range of 460°-465°F, with an

_oxygen/COD ratio of 0.7 to 0.85, with the ammonia 1.5

to 2 times the amount required to form an amine com-
plex with the silver present, all of which can be calcu-
lated in advance from the known composition of the
flm material to be processed.

The wet oxidation reaction is markedly enhanced by
the presence of a catalyst. For this purpose, use can be
made of salts which provide free ions of copper, silver,
and ammonia in the amount within the range of 107 % to
107" moles per liter, when calculated on the basis of
copper sulphate. The silver catalyst can be supplied
from the dissolution of silver during the wet oxidation
reaction or by the addition of silver salt, such as silver
sulphate.

When calculated on the basis of ammonium sulphate
as the preferred source of the ammonium ion, the
amount of ammonium sulphate added to the mixture
for the wet oxidation reaction should be within the
range of 75-150 grams per liter. There is reason to
believe, from the observations which have been made,
that the added ammonium sulphate also functions as an
effective wet oxidation catalyst, such observations
being predicated on batch experiments in which 30-40
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grams of chopped film has been subjected o wet oxida-
tion und=r the condmoas described

Upon completion of the wet oxidaton reaction, all of
the matenials present appear to be in solulion except
for small of trace amounts of sohids which can be seps-
rated vul as inest material or clse recycled for addi-
tional wet axiwdistion in the next batch. The liquor can
be used again and again in the wet oxidation of addi-
tonal emulsion coated film until the concentration of
mrateraly builds up 10 a level for cMcient removal of
products resulting from the wet oxidation, thereby to
provigs considerable savings in processing steps, for-
mulation, and utilization of chemicals. In the alterna-
tive, the product from the wet oxidaton step can be
subjecied directly 10 processing for the removal or
recovery of verious of the valuable components in solu-
tion therein.

Hav ng dewribed the basic concepts of this inven-
tion, an cxarple of the practice of the invention will
hereinafter be given by way of illustration, but not by
way of limitation.

30.8 grams of undeveloped photographic film, con-
ta:ming 1.14%. silver concentrated in the silver cmul-
sion, 00 a Mylar base, was chopped into small pizces
and mtioduced along with 150 grams of ammonium
sulphate, 107 moles of copper sulphate and water in an
amount 10 muke up 1.5 biters. into a reactor of the type
descrited in our copending appheations, Ser. No.
400,123, now U.S. Pat. No. 3,870,631 and Ser. No.
403,652, now U.S. Pat. No. 3 852,192, The wet oxida-
ton reactor, 1 the form of an zutociave. for high pres-
sure operation, s provided with a high speed stirrer and
intets fer the introduction of air at or ncar the vortex of
the stirrer for immediate and uniform distribution of
the uir as fine particles throughout the liquor for maxi-
mum dissolution of oxygen therein. The wet oxidation
wus carried out with the constant introduction of air,
und corstant strring, with the liquor maintained at a
temper:ture of $60°F and under 1,000 psig until disso-
lution ¢ the material was substantially complete, or for
about 01c 1o two hours. The COD of the effluent was
calculated as 312 mg/1-0.

The ¢ "flucnt was recycled to the wet oxidation reac-
tor with 32 .8 grams of chopped film introduced into the
reactor as a second charge The reactor was operated
in the same manner as before, except that a pressure of
Y70 psip was vsed. The cffluent from the wet oxidation
of the szcand batch had a COD of 685 mg/l-0.

The hquor effluent from the second batch was recy-
cled for a sccond time {or wet oxidation of an addi-
tional 32 5 grams of chopped film at 461°F and 1,035
psig. The cffluzrt liquor, having a COD of 869 mg/-0
was reeveled for the third time for wet oxidation 'with
an additonal wmcrement of 34.9 grams film, at 460°F
and 695 psip. The final liquid phase, identified in the
flow diagram as pregnant complex silver solution, had a
COD of 897 mg)-0.

The final ¢ffluent contained 1,246 grams per liter of
silver.

The si'ver car: be recovered from the pregnant com-
plex sitver solution or leach liguor by a number of ways,
including:

1. the addition of sulphuric acid to produce silver
sulphate which precipitates and can be separated by
conventionzal watet-solid separation techniques;

2 the addition of nitric acid to convert the silver
smine complex to silver nitrate in accordance with the
process described by D. M. 1iddell, Handbook of Non-
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Ferrous Metallurgy, Recovery of the Metals, Chapier
X.p. 275. McGraw-Hill Publishing Company, loltowed
by electrowinning rs by the Mocbius, process;

3. by hydrogen reduction of silver chloride precipi-
tated from the silver amine solution by the introduction
of chloride ion;

4. by direct hydrogen reduction of the silver amine
complex solution with gascous hydrogen under high
temperature and pressure; .

S. by direct reduction of the silver from solution by
such reducing compounds as glucose and formalde-
hyde.

. In the example described, direct reduction with hy-
drogen was used by introduction of hydrogen under
high pressure in the same reactor or autoclave used o
carry out the high pressure, high temperature wet oxi-
dation. Reduction with hydrogen was carried out at a
temperature of 420°-500°F under a pressure within the
range of 700 1o 1,000 psig. The freed silver precipitated
and was recovered from the liquor by filtration, centrif-
ugation, decantation, or the like.liquid-solid separation
techniques.

After removal of the silver, the remaining Jeach li-
quor contains the tercphthalate derived from the Mylar
film base, in the form of the amine or amide. The liquor
15 acidified, as with a2 mineral acid such as nitric or
sulphuric acid to a pH within the range of 210 S to form
terephthalic acid which separates out as a precipitate.
1t is preferred to make use of nitric acid for acidifi-
cation, since any trace quantities of silver will then be
retained in solution for recycling with a new batch of
pregnant complex silver solution.

It will be apparent from the foregoing that we have
provided a process which, in the first place, operates
cfficiently and effectively to destroy imaged or uni-
maged photosensitive film, and which operates effec-
tively and efficiently to convert the film materals into
a form from which the silver can be recovered in a
usable form and from which the organic materials de-
rived from the film base can be recovered in a useful
form.

It will be understood that changes may be made in
the details of formulation and operation, without de-
parting from the spirit of the invention, especially as
defined in the following claims.

We claim:

1. A process for the destruction of develaped or
undeveloped film having a silver emulsion coating com-
prising the steps of mixing the film with an aqueous
medium containing an agent which forms a soluble
complex with silver, subjecting the mixture to wet oxi-
dation at clevated temperature and elevated pressure
while introducing an oxygen containing gas under a
high state of agitation for rapid distribution of the oxy-
gen into the liquid mixture, continuing the wet oxida-
tion reaction until the chemical oxygen demand COD
of the organic material in the mixture is reduced and
the silver and film material are converted to a soluble
state within the resulting liquor, and treating the liquor
to separate the silver.

2. A process as claimed in claim 1, in which the wet
oxidation reaction is carricd out in the presence of a
wet oxidation catalyst.

3. The process as claimed in claim 2 in which the
catalyst is selected from the group consisting of ions of
copper, silver and ammonium.

4. The process as claimed in claim 3 in which, when
the catalyst is copper ion, the ions are present in an
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amount within the range of 107* to 107! moles per liter
when calculated on the basis of copper sulphate.

5. The process as claimed in claim 3 in which the
capper, silver and ammonium ions are provided in the
formn of the sulphates of copper, silver and ammonium.

6. The proceas as claimed in claim I in which the
agent which forms a soluble complex with the silver s
a complex which forms a silver amine or amide com-
plex.

7. The process ss claimed in claim 6 in which the
complexing compound is in the form of an ammonium
10n.

8. The process as claimed in claim 7 in which the
ammonium complexing compound is sclected from the
group consisting of xmmonium hydroxide and ammo-
nium sulphate.

9. The process as claimed in claim 6 in which the
complexing compound is present in an amount within
the range of 1.5 to 2 times the amount required to form
the complex with the amount of silver that is present.

10. The process as claimed in claim 1 in which the
wet oxidation reaction is carried out at a temperature
within the range of 400°-500°F.

11. The process as claimed in claim 1 in which the
wet oxidation reaction is carried out at a temperature
within the range of 460°—465°F.

12. The process as claimed in claim 9 in which, when
the complexing agent is present in the form of ammo-
nium hydroxide, the wet oxidation reaction is carried
out at a temperature within the range of 460°-465°F,
and at a pressure within the range of 500-1000 psig.

13. The process as claimed in claim 1 in which the
wet oxidation reaction is carried out at a pressure
within the range of 500-1000 psig.
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14. Thc process es claimed in claim 1 in which the
wet oxidation rcaction ts casried out at a pressure
within the range of 650-1000 psig

15. The process as claimed in claim 1 in which the
Ooxygen containing pas is air.

16. The process as claimed in claim ) in which the
oxygen it introduced in an amount to provide an ox-
ygen/COD ratio of 0.2 to 1.0.

17. The process as claimed in claim 1 in which the
oxygen containing gas is introduced into the aqueous
liquid in the immediate vicinity of the vortex of the
agitator.

18. The process as claimed in claim 1 in which' the
solubilized silver in the hquor resulting from the wet
oxidation i separated by the addition of nitric acid to
convert the silver ions to silver nitrate, and then clec-
trowinning the silver from the silver nitrate solution.

19. The process as claimed in claim 1 in which the
liquor remaining from the wet oxidation step is recy-
cled with additionial emulsion coated film through a
subsequent wet oxidation step until the amount of dis-
solved material rises to levels suituble for the subse-
quent s=paration step.

20. A process for the destruction of photosensitive
film (developed or undeveloped) and the recovery of
products therefrom comprising the steps of mixing the
film with an aqueous medium for suspension or disper-
sion of the film in the aqueous medium, subjecting the
mixture to wet oxidation at elevated temperature and
at elevated pressure, while introducing an oxygen con-
taining gas under a high state of agitation for substan-
tially immediate dissolution of the oxygen in the liquid
mixture, and continuing the wet oxidation reaction
until the {ilm matenals arc substantially converted to a
soluble state within the liquor, and then processing the
resultant liquor to scparate out various of the compo-

nenis derived from the destruction of the film.
[} * » » *
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Project Summary

Wet Oxidation and Ozonation
of Specific Organic Pollutants

C. Robert Baillod and Bonnie M. Faith

This study was undertaken to assess
the applicability of wet oxidation and
ozonation to the treatment of waste-
water containing five specific poliu-
tants typical of the 114 organic com-
pounds included on the EPA priority
pollutant list. The pollutants, phenol; 2-
chlorophenol; 4-nitrophenol; 1,2-di-
methylphthalate and 1,2-dichloroethane
were selected for study on the basis of
their occurrence, structure, water
solubility, and volatility. The ability of
the wet oxidation and ozonation proc-
esses to oxidize these pollutants in
aqueous solution was studied using
batch laboratory-scale experiments. In
the case of wet oxidation, efforts were
made to determine the influence of
temperature, pH value, catalyst, and
reaction time on the degree of pollutant
destruction. In addition, an economic
evaluation was made of a wet oxidation
process designed to treat a refractory
petrochemical waste stream. For ozon-
ation, information was deveioped on
the degree of pollutant destruction as
influenced by ozone dosage and contact
time. For both processes, the fate of
poliutants were studied by measuring
products of incomplete oxidation. The
ozonation results showed that 1,2-
dichloroethane was rapidly volatilized
and the remaining four pollutants couid
be removed to less than detectable
concentrations, in 5 to 10 minutes, at
initial ozone usage rates of 3.9 to 5.9
moles of ozone per mole of compound
removed. The wet oxidation results
indicate that all five pollutants could be
oxidized under the conditions of tem-
perature (204°C 10 260°C) and oxygen
pressures studied. Theremovalrates for
each substance depended on tempera-
ture, pH, and catalyst and were ade-
quately described by semi-empirical,
first-order kinetics. For both processes,

a significant amount of organic carbon
remained in solution after the specific
pollutants had been removed. This
carbon was slowly oxidized and con-
sisted primarily of organic acids and
aldehydes. A wet oxidation process was
designed to treat a 37.8 I/min (10
gal/min) of a high COD {70,000 mg~/|)
petrochemical waste which was inhib-
itory to a biological treatment process.
A detailed economic evaluation of this
process indicated that an investor's
interest rate of 20 percent could be
attained at a treatment charge of $€9
per 1000 gallons {$17.81 per cubic
meter}) or $0.16 per pound of COD
removed ($.35 per Kg COD removed).

This Project Summary was developed
by EPA’s Industrial Environmental
Research Laboratory, Cincinnati, OH,
to announce key findings of the research
project that is fully documented in a
separate report of the same title (see
Project Report ordering information at
back/.

Experimental Results
Semi-batch ozonation experiments
showed that;

Phenol, 2-chlorophenol, 4-nitrophenol
and 1,2-dimethylphthalate could be
removed to less than detectable con-
centrations (in 5 to 10 minutes)
through ozonation at initial ozone
utilization ratios of 3.9 to 5.9 moles of
ozone per mole of specific pollutant.
However, the removal rates were
limited by the rate of ozone mass
transfer. During the initial stages of the
ozonation experiments, reaction in the
diffusive film enhanced the mass
transfer rate.

A significant amount of total organic

carbon remained in solution after the
specific pollutants had been removed



and this carbon was slowly oxidized. evident during ozonation. Conversely,
Increasing the initial pH from 6 10 10: a) oxalic acid was a relatively minor product
increaserl the specific pollutant removal during wet oxidation, but was very
rate for phenol and 4-nitrophenol, but . significant in ozonation.
decreased the rate for 2-chlorophenol,
and b) decreased the total organic
carbon removal rates for phenol and 2- C. Robert Baillod and Bonnie M. Faith are with Michigan Technological University,
chlorophenol. Houghton, M| 49931.
. xidati . Ronald J. Turner is the EPA Project Officer (see below).
?hda‘f:h wet oxidation experiments showed The complete report, entitled “*“Wet QOxidation and Ozonation of Specific Org.anic
. Pollutants,” (Order No. PB 83-254 060, Cost: $16.00, subjectto change} will be
All five sprecific pollutants studied could available only from:
be oxidized under the conditions of National Technical Information Service
temperature and oxygen pressured 5285 Port Royal Road
studied. The removal rates depended Springfield, VA 22161
on the substanc2s and on temperature Telephone: 703-487-4650
and. were _adequately de_scrlped by The EPA Project Officer can be contacted at:
semi-emoirical first-order kinetics. Industrial Environmental Research Laboratory
Alkaline pH levels markedly increased U.S. Environmental Protection Agency
the rate of specific pollutant removal Cincinnati, OH 45268
and only slightly increased the rate of

‘otal orge nic carbon removal. However,
wwover the one-hour reaction period, #U'S. GOVERNN ENT PRINTING OFFICE 1983-659-017/7202
alkaline pH levels gave markedly lower
removals for total organic carbon and
chamical oxygen demand.

Cupric ion acted as a caialyst and
:ncreased the rate and extent of
-emoval of specific pollutants and total
arganic carbon,

A significant amount of total organic
carbon remained in solution after the
specific pollutants had been removed
and this carbon was slowly oxidized.
More than three-fourths of this carbon
was acccunted for by low molecular
weight acids, acetaldehyde and acetone.

Bioassay tests using Daphnia magna
indicated that wet oxidation achieved
30 to 9‘) percent dzatoxification for
vhenol, Z-chlo-ophenol and 4-nitro-

‘Whenol.

Although acetic acid was a major end
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C. ROBERT BAILLOD
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PERSONAL INFORMAT1ON

C. Robert Balllod, Professor of Civll and Environmental Englneering and
Director, Water and Waste Management Group of BlioSource

Michigan Technological University

Houghton, Michigan 49931

(906) 487-2530

Birthdate: 21 March 1941
Place of Birth: Millwaukee, Wisconslin

Home Address:

Point Miils, Box 163

Dol lar Bay, Michigan 49922
(906) 482-3240

EDUCAT {ON

1963, B.S. - Clvil Englneering
Marquette University, Milwaukee, Wisconsin

1965, M.S. - Civil Englineering

Universlity of Wisconsin, Madison, Wisconsin
Major Area of Study - Environmental Englneering

1968, Ph.D.
University of Wisconsin, Madison, Wlsconsin
Ma_or Area of Study - Environmental Engineering

HONORS
Greduated Cum Laude, B.S.C.E. (1963)

Corecsiplent: Michigan Soclety of Prof. Englineers Outstanding Achievement In
Encineering Education Award, 1981

Tau Beta PI, Chi Epsllon, Sigma XI

Reglstered Professional Engineer In Michigan and Wisconsin

EXEERIENCE

1982 to Present, Professor of Civil and Environmental Englineering and Dlirector
of the Water and Weste Management Group of BIOSOURCE

Michigan Technologlical Universlity
Duties: Approximately 60% Academlic Teaching, Research and Administration:
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Environmental Englneering Group Leader. 40% BioSource: \gﬁpervlslon of two
research englneers, technlclan and secretary; budget management; Cocordinator
of Faculty research efforts, Wet Oxldation and Oxygen Transfer Resezrch Group

Leader

1983~ Sabbatical, Spring Semester, Vislting Professor, Rogaland
Districkshogskole, Stavanger, Norway

1978 to 1982, Professor of Civil and Environmental Englneering
Co-Director, Center for Waste Management Programs

Michigan Technological University
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graduate research; Environmental Engineering Area Leader

1977 to 1978, Visiting Professor
Department of Clvl] and Environmental Englneerling
University of Wisconsin, Madlison, Wisconsin
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Department of Civil Englneering
Michigan Technological Unliversity

1968, Project Engineer
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1965 to 1968, Federal Water Pollution Control Administration Research Fellow

Department cf Clivil Engineering
University of Wisconsin, Madison, Wlsconsin

1964 to 1968, National Sclience Foundation Trainee

Department of Civil Englneering
University of Wisconsin, Madison, Wisconsin

1963 to 1964, Engineer |
Wisconsin Department of Transportation

MAJOR RESEARCH SPECIALTIES

Biological Treafmenf processes, removal and fate of toxic pollufanfs, oxygen
transfer, wet oxidation.

RESEARCH PROJECTS

Michigan Technologlcal University Faculty Research Grants, 1969-1970 -
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$2,°00

Michigan State Unlversity, 1969-1971
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U.S. Environmental Protection Agency and Cleveland Cilffs “Mon Company, 1970-1973
"Storage and Disposal of Waste Water Resulting from the Concentration of Low

Grade lron Ore"
$72,603

U.S. Army Cold Reglons Research and Engineering Laboratory, 1976

"Contlnued Evaluation of the Calumet, Michigan Land Application Waste Water
Treatment Site"
$2,500

P

U.S. Army Cold Reglions Research and Englneering Laboratory, 1975

"Preliminary Evaluation of the Calumet, Michigan Land Applicatlon Waste Water
Treatment Site"

$2,500

Michigan Technological Unliversity Faculty Research Grant, 1977-1978

"A Study of Wet Oxldation and Heat Treatment of Sewage Sludge and Hazardous
Waste"

$2,200

U.S. Environmental Protection Agency, 1978-1980
"Development of a Tentative Standard for Evaluating Oxygen Transfer"
$70,000 (Member of ASCE Task Group)

U.S. Environmental Protection Agency, 1978-1980

"Utility of Wet Oxidation and Ozonation In the Treatment of Prlority Organic
Pol tutants"

$193,000

U.S. Environmental Protection Agency, 1981-1983
"Evaluation of Oyxgen Transfer Test Procedures"
$250,000 (Member of ASCE Task Group)

Lakeslde Equlpment Corp., 1982-83
"A Study of Computer Alded Design Applied to the Oxidation Ditch Process"
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Hazen Research Inc., 1983
"Wet Oxidation of Dioxin Surrogates"
$10,000

PROFESSIONAL MEMBERSHIPS AND SOCIETY ACTIVITIES

Amerlcan Soclety of Clvil Englneers, Member
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Assoclation of Environmental Engl!neering Professors, Member
Membership Committee, 1975

American Water Works Assoclatlion
Michigan Education Committee 1977~ 82
Trustee, Michlgan Section 1978-81
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Joint Task Force on the 16th Edition of Standard Methods (1979- )
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INTRODUCTION

The proposed process which can solve the contaminated film
chip problem is based on Michigan Technological University
(MTU) patents of "Process for the Destruction of Developed and
Undeveloped Photosensitive Film and the Recovery of Products
Therefrom™. 1In the process the polyethylene terephthalate
(PET) film is broken down into its formative constituents of
terephthalic acid and ethylene glycol. The silver and
terephthalic acid are recovered as valuable products from the

process.

The process is related to and is an outgrowth of wet air
oxidation technology which has a proven record of destroying
hazardous materials.

MTU and others have shown that wet air oxidation and the
proposed film process which are related are capable of de-
stroying in excess of 99.5 percent of the total cyanide. The
only products of this destruction are carbon dioxide and ammo-
nia. The cyanide concentration in the process waste liquor
will be below .5 parts per million (ppm) and usually below

. 2ppm.

As the process is a wet combustion process, other
contaminants such as paper, wood, and non PET film will be bro-
ken down and oxidized. Thus, if contaminants are held to lev-
els at or below those already tested, product quality will not
be compromised. High contamination levels, currently unknown,
may reduce the quality of the product terephthalic acid.

The process has been demonstrated in a pilot plant capable
of recycling up to 150,000 pounds per month of x-ray film.
Semples of the cyanide tainted scrap film have been processed
in 2 small laboratory reactor to show cyanide destruction and
to provide data on product terephthalic acid quality. Thus,
the element of project risk has been minimized.

CHEMICAL BASIS

PET, the main constituent of the scrap film pile is a
polymer made from terephthalic acid and ethylene glycol alter-
nating in a chain. When these materials are reacted,
eliminating water between them, they form the polymer (plastic)
film. Under conditions of moderate temperature and pressure
(450°F and 650 psia) in the presence of water in an autoclave,
-he polymer chain is broken and the starting resources
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recovered. The MTU patented process causes this breakdown (de-
polymerization) to occur in the presence of a strong base such
as sodium hydroxide. The terephthalic group forms a soluble
sodium salt of terephthalic acid which goes into solution with
the ethylene glycol formed.

The solution leaving the reactor will have film
contaminants which entered with scrap film such as dirt, stones
and in the case of untreated film silver as the only solids in
suspension. These solids are removed in a filter for dispsoal
or recovery of silver. The clear solution leaving the filter
contains primarily the sodium terephthalate, ethylene glycol
and a minor quantity of excess sodium hydroxide.

When the filtered solution is treated with an inexpensive
acid, such as sulfuric acid, an exchange will occur forming so-
dium sulfate which is soluble and terephthalic acid which is
insoluble. The terephthalic acid can then be separated by
filtration, dried, and sold to make new film.

The ethylene glycol and sodium sulfate are best discharged
to a waste treatment system as their recovery would not be eco-
nomical. Tests carried out on film chip process waste water
have shown it to be biodegradable. No adverse environmental
effects associated with the discharge will be encountered.

As the process is similar to wet oxidation, most of the
£ilm contaminants will be oxidized to carbon dioxide, water,
and low molecular weight organic acids. Fortuitiously, the
terephthalic acid and ethylene glycol, are not altered in the
environment. Thus, most contaminants will not present a prob-

lem.

As a wide range of contaminants and products are antici-
pated, and as it is not possible to predict the mix in advance,
an assumption was made in which half of the combustibles were
converted to carbon dioxide and water and the balance to acetic
acid. -A mass balance summary was then prepared for each 100
lbs. of film processed. This summary (enclosed) shows the
flows into and out of each of the principal process steps.
During processing, the quantities of each constituent and pro-
cess conditions will be shifted slightly to take into account
varying amounts and types of contaminants.

PROCESS SCHEMATIC
A schematic of the proposed process is presented in the

attached flow chart. It shows the major pieces of process
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equipment starting with the film slurry being fed to the reac-
tor through the storage of product terephthalic acid. This
system is a continuous processing version of the pilot plant
that recovered silver and terephthalic acid from outdated

x-ray film.

The operation of the system is as follows: The film,
caustic, from storage (D3, G3) and water is charged into the
reactor (Cl). Hot heat transfer fluid is introduced into the
reactor jacket (El) to bring the reactor to the operating tem-
perature during startup and hold it at a temperature during
processing. An air compressor (K1) and surge bottle (C3) in-
troduce air into the reactor to control odor and burn off the
cyanide and contaminants. Process gas leaving the reactor pas-
ses through a condenser system (E2) which recovers hot
condensate and heats fresh water to recover energy. A back
oressure control valve vents the non condensable process gases
and establishes the reactor pressure. The reactor agitators
maintain a uniform liquor/film slurry and enhances the
gas/liquid mass transfer to provide air for the combusion reac-

tions.

The hot liquor is withdrawn from the reactor under pres-
sure, cooled to below the flash point in a heat exchanger (E3),
and discharged through dump valves to a holding tank (D1l). The
reactor discharge liquor preheats the reactor feed saving ener-

9y .

The reactor liguor containing some residual solids is
pumped from the agitated surge tank through a filter (Y1) be-
fore passing into the acid neutralization reactor (D2). The
filter removes solids which would be contaminants in the prod-

uct TPA formed later in the process,

In the neutralizer, sulfuric acid is added from storage
(D4, G4) to the basic liquor and sodium terephthalate is formed
in the reactor. In the presence of sulfuric acid, the sodium
tereohthalate reacts to form soluble sodium sulfate and insolu-
ble terephthalic acid. This slurry is pumped to a vacuum fil-
ter (Y¥2).

The vacuum filter separates the liquor from the insoluble
terephthalic acid (TPA). 1In the process, the TPA filter cake
igs formed on a moving belt. Once the cake is out of contact
with the liquor, it passes under a series of wash heads which
rinse the cake with fresh water, thus removing residual reactor
ligquor which contains sodium sulfate, excess sulfuric acid, and
other soluble organic and inorganic constituents. This clear
ligquor is withdrawn from the filter through a vacuum system
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G7) and discharged. The washed cake is theh'conveyed

(T3) into a dryer (Y¥3).

The water in the TPA filter cake is evaporated in a dryer
wnich uses energy drawn from the heat transfer loop (F1l, G6).
The design is such that the wet cake is moved through the unit
and discharges a dried product of pure TPA which is then con-
veyed (T2) to storage (Tl) for sale.

In support of the principal flow path described, the pro-
cess includes a number of subsystems. These include:

o

.-

An air compressor with intercoolers, surge tank and
controls to supply air to the reactor (K1, C3).

A sodium hydroxide system for the transfer and me-
tering of sodium hydroxide from tankage (either
railcar or truck) into the reactor (D3, G3).

A heat transfer loop consisting of a furnace/heater,
expansion tank, and circulating pumps for providing
energy for reactor heatup and temperature maintenance
and energy required for the evaporation of water in
the dryer (F1, G6).

A sulfuric acid system for the transfer and metering,
under pH control, of acid from tankage into the neu-
tralization reactor (D4, G4).

A vacuum system for the removal and discharge of
waste process liquor from the TPA filter (H1l, C4,

G7).

— In addition to the above equipment, a quality control lab-
- oratory will be provided to monitor the feed and product mate-
rials at each step of the process.
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Wiliam D. McGuire
Vice President

February 13, 1984

Mr. Daniel L. Eberhardt
MRC ENTERPRISES, INC.
1717 Webster Avenue
Chicago, IL 60614

RE.: Cyanide Contaminated Film Chip Project

Dear Dan:

We appreciate your advising us as to the exciting prospects

concerning the possibility of a contract being entered into

with the State of Illinois. There certainly has been a good
deal of information discussed about this problem.

Our Bank would certainly be interested in reviewing the
financial requirements of this Project in order to, hopefully,
assist you with your credit needs.,

Due to your excellent relationship with us to date involving

a sizeable line of credit as well as equipment accommodations,
I feel that a realistic proposal from you would be positively
considered, I will look forward to hearing more about the
Project to see if we can be of assistance.

Sincerely,

Y7

<
William D. McGuire
Vice President

WDM/ds

Citzens Band & Trust Company
One Norttwest Highway - Park Ridge, lilinois 60068
312-399-4100 - ¢3+4270





